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Attorney Docket No. 83032
GRAVITY-ACTUATED SUBMARINE ANTENNA
STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and used

by or for the Government of the United States of America" for

Cg

governmental purposes_without the payment of any royalties ™D
- | —
thereon or therefor. | —
=
| -
—
BACKGROUND OF THE INVENTION L@ N
‘ | —
(1)_Fie1d of the Invention
' The present invention relates to antennas and more —)
- L | o O
_partricularly to radiators for low profile, towed antennas.
. " o ‘ o » T N . - B N . - . : . . ,“ .t
(2) Description of the Prior Arxt " . “”f_“”f““‘

Present submarine communications with battlegroups or shore

sites utilize surface antennas for a variety of requirements

~including SATCOM, LOS, etc. The use of surface antennas

typically interferes with the covert operation of the submarine.
For example, data exchange or the receipt of commands is
accomplished by using antennas within a.mast, which must be
exténded whenéver transmission or‘receptionvis required. For
nommunications in coastal_nr littoral areas,;raisiné a mast

renders the submarine vulnerable to visual or radar detection.
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To mitigate such detection, buoyant cable antennas (BCA) are
often used. HoweVe:, current BCAs cannot beched effectively
for transmission, due to their extremely lowvradiation-
efficiency.

Furthermore, antennas toWed on the ocean surface afe
subjected to dynamic forces that act to cause the antenna to
pitch, yaw end sometimes roll under varying sea states. These
antenna movements can easily result in transmissicn and
reception interruption, especially so with the use of
directional antennas. As a result, the towing submarine must
operate in a station keeping status or must constantly adjust
course headings in order to obtain optimal antenna'pe;formance.

In Rivera et al. (U.S. Patent No. 6,127,983), there is

disclosed a wideband antenna cepable‘of transmission and

’réception]while the antenna'is Edwed‘horiiontelly in ‘the ocean

behind the submarine or vessel. Specifically, the antenna of
the cited reference is formed as a metal cylinder having a
longitudinal slot with the longitudinal slot open et one end and
closed at the other end. The cylindfical shape in a towiﬂg

container provides a strong righting moment to the antenna with

'thebresult of efficient broadband coverage under varying sea

states.
Also, by settiné the terminations of the antenna, that is,

the open end, the closed end, and the feedpoint'(aiong with the
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" antenna diameter and thlckness, and slot length and w1dth) an

antenna hav1ng a good 1mpedance match over a w1de frequency band
is'produced.

_As disclosed,’tne above antenna is clearly suitable for
wideband transmission when being towed in the ocean; however, an
alternative antenna is desirable to producevan incxeased
effectiveness during operation and an increased rande of use

when compared to the above antenna as well as for other known

buoyant antennas.

SUMMARY OF THE INVENTION
Accordingly, it is a general purpose and primary object of
the present invention to provide an anténna that can transmit a

directionalized radiation pattern with minimal interruption when

‘operating in varying sea statesb

It is a further object of the present invention to provide
an antenna in which’the antenna construction is simple and
economical.

FIt is'a still further object of the present invention to
provide an antenna with an increased antenna gain.

It is a still further object of the present invention to

provide an antenna that operates efficiéntiy over a’wide band of

frequencies.
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It is a still further object of the present invention to

vpro§ide,an'antenna in which the operatibn of the antenna is roll

stable.

It is a étill further object of the preéent invention to
provide an antenna that emits a symmetrical radiation pattern’iﬁ
thé fore/aft and athwart direcﬁions.

To‘attain the objects described there is provided a
gravity-actuated antenna suitable for towing horizontally on the
ocean surface in which the antenna includes a switching system
that actuates the antenna when facing “up” toward the sky or
ocean surface. The antenna comprises a cylindrical feed tube

with three radially extending fins and disk plates secured to

ends of the feed tube and the fins. A'pluralityjof the,éurved

plates spaced apért an extending plane of the fins»and

Aprojectihg from an ehd‘platé partially encompass andisubtend to

the length of the feed tube with each curved plate conhected to
the feed tube by the protecting structure of a'graQity—actuated
electrical switch. |

The fins of the antenna are s?aced evenly around the
circumference of fhe feed tube. Each fin is sized to form a
ionéitu@inal radiatign boundaryvof a resonant cavity'and the gnd
élates are sized to fofm an,ath@art radiétion bouhdary of the
resonént cavity with thé exterior'of the feed tube forming the

base of the resonant cavity. The boundaried resonant cavity is
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shallow enoﬁgh thaﬁ the caVitj is not’shadowed by the radia1~
finé and the end plates. Without a shadow conditioﬁ restricting
a wavelehgth genefated in the resonant cavity dupihg'éntenﬁa
actuation, a fesultént symmetrical radiation pattern can be

transmitted in conjunction with the actuation of a specified

curved plate.

The feed tube gncdmpasses a first transmission line from ai
feedpoint ferminus at one end plate to a cylindfical feed hub
within the féed tube. The tréﬁsmission line is capable of
conducting radio-frequency energy.from the terminus to the hub
and onto an individual.electrical switch when the‘switch is
graQity—actuated as a :esult of a righting'motion of the curved
plates. :Eﬁergy from.the hub via ﬁhe éwiich and dnfb'a specified‘
curved plate and fufther onto the‘resohant cavity resulﬁs in a
Cufreﬁﬁ.distributibn“ééross'thé,éurﬁedipiate and ﬁhe\réSonant‘
cavity such that a difference in"phasé between botﬁ résults in
the radiation pattern beamed from the antenna. Baéed on the
sizing of the bomponents of tﬁe antenna, the resultant radiation
pattern can be transmitted from a fore and aft direction in
relation to the antenna as well as at ah athwart direction and
at a direc;ion perpendicular to‘the axis'of the feed tube;

'By”decreésihg thefdiametér of the transmissién line from
the feedpoint terminus to the'ﬁﬁb, the transmission line

performs an impedance transformation over its length. The
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impedance t:ansformation of thé transmissidn line among varYihg
diameters presents.a ﬁariable'ioad KQ) étvthelfeédéoinﬁ términus
théreby allowing the antenna to emit over a range of
frequencies."

A second transmission line with a‘diaméter equal to the

smallest diameter of the first transmission line and

.electrically connectable to the hub, continues from the hub onto

a second ﬁerminus at the other end plate. The secopd

transmission line énd the second terminus behave.as a reactive
impedance to match the impedance at the connéction of a'pin,of
the switch and the hub. By matching the impedance, an optimum

amount of radio-frequency enérgy can be transferréd Qnt§ the

. actuated switch and curved plate With“a result in incfeased gain

of the aﬂtenna.

'Theiébove'énd othér featﬁresvof‘the inVehtibn)-inciuding'
varibus and novel details of construction énd combinations of
parts will now be more particularly described with reference td
the accompanying drawings and pointed out in the cléims. It
will be understood that the particular devices embodying the
ihvention.are shown b& way of illustration only and nbt as the

limitations of the invention. The principles and features of

‘this invention may be employed in various and numerous

embodiments without depafting'from the scope of,the invehtion.
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’BRIEE DESéRIPTibN.QF THE DRAWINGS

A more completc underctanoing'of the invention’and‘many of
the attendant adVantages thereto'will be readily‘appreciated as
the same becomes better understood by reference to the following
detailed description when conside;ed in conjunction with the
accompanying drawings wherein: |

FIG: 1l is a perspective view ofvtne gravity—actuaﬁed
antenna of the present invention showing the phjsical
configuration of the antenna;

FIG. 2 is an altefnate.perspecfiVe view of the antenna of
the present invention with the view taken from reference line 2-
2 of FIG. 1;

| fIG.,B ;s»a'cr055~sectionél View of fhe antennaAof.the'
present invention7nith a curved plate of-;he antenné removéd for
a clarified ?iew of7the_c1ectficéi ﬁransmiééiOnﬁst?ﬁC£ure of the
éntenna with the view taken from reference line 3—3 of FIG. 2;

FIG. 4 is an end view of the antenna of the pfesent
invention with‘a curved plate, the feed tube and the radial fins
of the antenna removed and with the view inverted for a
clarified view of the electrical.switch configuration of the
antenna with the ?iew taken:from referencc line 4-4 of FIG. 2;

>‘EI¢. 5 is a‘croés—sectional’view of.the conductive

relationship of the feed hub to the electrical switches of the
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antenna of the present invention With the view taken from
reference line 5—5‘of FIG. 4;
FIG. 6 is a three¥dimensional viéw of a radiation pattern
formed by the antenna of the present invention;
FIG. 7 is a cross-sectional view of a first variant of the
electrical switch of the anfenna of the present invention; ahd
FIG. 8 is a cross—éectibnal view of a second variant of the'

electrical switch of the antenna of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings wherein like numerals refer

tb_like elements throughout the several views, one sees that

FIG. 1 depicts fhé;gravityfactuated submarine antenna'io of the

present invention. The'antenna‘lo is preferably cast wiih a
rigid thickness from aluminum Qith_ brass ‘elégtrically“cbndﬁci.:'iv'.e‘
components attached. Other commonly acquired materialg or
methods known to those skilled in the art may be uéed in férming
the antenna 10. Such a variant in aﬁtenna formation‘would be
molding the antenna 10 from plastic and plating the éntenna with
a conductive material. Another non-exclusive variant in antenna

formétion would be molding the antenna 10 from conductive

-material.

The simplified structure of the antenna 10 generally'

comprises a cylindrical feed tube 12 with radially extending
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fins 14 and disk plates 16, 18 secured to ends of the feed tube

12 and the fins 14. A plurality of curved metal plates 20

Vspaced apart from the fins 14 and projecting from the end plate

16 partially encompass the length of the feed tube 12 with each
curved plate 20 connected to the feed tube 12 by a flange 21 and
the protective structﬁre of an electrical switch 22.

chh curved plate 20 of the antenna 10 projects at a
distance (A) of A/3 from the end platé 16, wherein A is the
w;velength'corresponding to the center design frequency. The
center design frequency'ié_the geometric mean frequency'between'
the freqﬁencies provided to the antenna 10. ﬁach curved plate

20 subtends to the feed tube 12 at an angle in the range of 45°

.t0590b,;with the high_end of'thexrénge’preferred for broadened

antenna'bandwidph.

bThe‘iadial'fiﬁs-14 of the_antenna'iO»%fe“épaéed aﬁ'ié6°
from each.other around the circumferénce of the feed tube 12.
Each radial‘fih 14 is sized to form a longitudinal radiation
boundary of a :ésonant cavity 23 (a‘volume shown) ﬁith the
dimensions of eéch radial fin 14 atA/22 in width (B) and 2 x

A/5 in length (C). The -end plates 16, 18 are sized to form an

athwart radiation boundary of the resonant cavity 23 with the

diameter of each of the end plates 16, 18 sized to be A/8. An
exterior of the feed tube 12 forms the base of the resonant

cavity 23.
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The boundaried resonant cavity 23 is shallow enough;that
thevéavitQ is hquShadowed_by:the iadial fins 14 hdr the end-
plates 16, 18.’ Without a shadow céndition restricting ‘a
wavelength generaﬁed in thg resonant cavity 23 during actuation
of the antenna 10, a resultant éymmetrical,radiation pattern 24_
can be transmitted in conjﬁnction’with the actuétion of a
specified curved piate‘20.' As discussed below for FiG, 6, the
resultant radiation éattefn 24 can be ﬁransmitted_frdm a_fore
and aft direction as well as at an athwart direction and at a
direction perpendicular to the axis of‘the feed tube 12.

The end plate 16 further includes a stub terminus 25 to the

feed tube 12 through a central portion of the end plate 16 and

~as shown in FIG. 2, the end plate 18 includes a feedpoint

terminus 26’to the féea tube 12 through a Centrai portion of the
end'ﬁiafe i8. The terminus 26 and the téfminﬁév25 are
respectfully at the ends of thé coaxial transmission lines 30
and 32 shown in FIG. 3.

As shown in the cross—sectional view of FIG. 3, fhe feed'
tube 12 encompésses and protects fhe transmission line 30 with
the transmission line 36 continuing from the terminus 26 to a‘

cylindrical feed hub 34. The diameter of the feed tube 12 is

‘sized to contain the'transmissiOn lines 30 and 32 withéut 

impacting the impedance seen at the hub 34 such that the

diameter of the feed tube is slightly larger than the hub 34.

10
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rThe transmission line 30 is capable'of conducting radio-
frequeﬁcy energy_from'the.terminus:ZC to the hub 34 and onto an |
individual electrical éwitcﬁ‘22 wheh the switch 22 i; actuated
by the elect;ical cdnnection of the‘hub'34 to the switch 22 (the.
cdnnection of conductiné wire'36 within the switch 22 is s?own
in FIG. 5, FiG.»7 and FIG. 8); Energ§ from the switch 22 and
onto a specified curved.plate 20 and outward to the resonant
cavify'23 results in the radiation pattern 24 of'theﬁantenna 10.

By decreasing the diameter of the transmission line 30 in a

~ stepwise or tapered manner, the transmission line 30 performs an

impedance transformation over its 1ength. The impedance
transformation of the transmission line 30 among varying
diameters preSénts'a variable load (Q) at thé'terminus 26

thereby allowing the antenna 10 to emit over a range of

_frequenéiés; BecaﬁSé fhe switch 22 and the curved plate 20

would each have a uhiqﬁe impedance based on their structurevand
size, the degree of tapering of the transmission line 30 (or
lack thereof) aléo depends on the dimensions Qf the switch 22
and the curved plate 20.

As further shown in FIG. 3, the secohd transmission line 32
has a diametér equal to the smallest diamefer of the
transmiSSiOp line 30; The_second transmission liﬁe 32115
electfiéally cohhéctable to the hub 34 andAcontinues from the

hub 34 onto the terminus 25 such that the transmission line 32

11
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~and the terminus.25 behave as a short-circuit electrically in

pafallel with the.cahnécﬁion of a pin 38 of the SWitCh 22 and
the hub 34-, The léhgfh and the diaméter of the transﬁission
line 32 determines the amount of reactive impedance éf the
transmission 32 ﬁo match the impedance ét therconnection of the
pin 38 and the hub 34. By matching the impedance, an optiﬁum

and undistorted amount of radio-fregquency energy can be

transferred onto the actuated switch 22 and curved plate 20 with

a result in incregsed gaih of the antenna 10.

As showh in FIG. 4, the antenna 10 preferably includes
three switches 22 positioned‘equidistaht along the circumfgrence'
of the feed tube 12 with the attached curved plates 20 also
pésitionéd equidistaﬁtflsince ﬁhree curved plateé 20 are'ﬁ

attached, the chord width (D) of the curved plate 20 can be

‘maximized to enhance ‘a angular range of a righting or “facing

up” action that mechéniCally actuates the switch 22. By
maintaining the righting action of the actuated switch 22 o&er a
widened range, the operation of the anténna.lo thereb§.becomes
roll-stable during towing. Additionally, the maximum chord

width (D) of the curved plate 20 permits a greater bandwidth to

be emitted from the antenna 10. Because the attachment point of

the switch”22 to the curved plate 20 also affects the impedance
bandwidth of the antenna 10, the preferred attachment point 42

is A/6 from the open edge 44.

12




10

11

12

13

14

=15

16

17
18
19
20

21

- 22

23

24

K cross-sectional view of thé’electrical switéh_22 of the.

‘antenna 10 used for the a¢tuation described below is shown in

FIG. 5;}however, 6ther suitable variations‘of thé switch 22 are
described for FIG. 7 and FIG. 8. As stated abové; fhe
dimensions of the switch'22, specifically its Supporting
structure, can affect the impedance seen at thé terminus 26. As
such, the desired diametér (E) of the‘switch 22Ais A/45 and the

desired height (F) of the switch 22 is A/22. The conical taper

. 50 of the switch 22 preferably has an angle of 45° and occupies

25% of the switch height(F). While the dimensions of the

supporting structure of the switch 22 are preferred for a center

design frequency over which the antenna 10 maintaiﬁs a good

impedénce match, bther sﬁpporting étruétureé»for the éwitﬁh‘zz
such as a chinde; withqut_a ﬁaper~may be.uSed with compensating
changes in £he diamete: (E) and £ﬁéfhéight(F).

In the operation of thé‘antenna 10, the féédpoint terminﬁs
26 of the transmission line 30 is connected to a energized feed
source (not shown) at a portion of the UHF specttum from 240-
270 MHi. The transmission lihe 30 allows the radio—frequency
energy to be conducted via the hub 34 and onto an electrical
switch 22. The conduétive function of the éwitch 22 is actuated
byAgraﬁity whénevefrthe attached cﬁrﬁed>p15te 20 is righfed or .
faces fupwards? aé é result of wave acfion bﬁoying the curved .

plate 20. The attached curved plate 20 is typically able to be

13




10

11

12

14

15
16
:
18
19
20
21
22
23

24

righted at an aﬁgle'greater th;n 17°brelative to‘a hbrizontal.
plane. | | |

When the cﬁrved platé 20 ié righted and the switch 22
inclines, a metél sphere 60 rolls to cdntact the chducting wire
36, conductive to the structure of the éwitch 22, with a Qirev64-
in contact with the pin 38. Energy from the hub 34 via the pin
38 continues to the curved plate 20. The énergy to the curved
plate 20 results in a sinusoidal current'distribution'flowing
along and across a surface 66 of the curved plate 20. vThe

direction and intensity of the current distribution varies with

‘the frequency of the antenna 10.

' When enérgized, the switch 22 also emits é sinusoidal wave
fhat séfs.ﬁp a cﬁrréﬁf giétribufién-on a surface 67,168-6f the
finé 14 and a surfa¢é 69.of‘the'feed tube 12 in the resonaqt
;aVify'Zj..-The differences in phaéé from the vafious'rédiafihg’ 
surfaces 66, 67, 68 and 69 contributes to the generally
hemispherical radiation or beamvpattern 24, shown in_FIé.IG.

In FIG. 6, the‘radiatioﬁ pattern 24 is depicted aéfa
ﬁathematical surface known as a horn cyclide (a v;riant of a
toroid)with a null 72 from the center the horn cyclide‘to.the
lower pﬁint 73 of a surfaée 74. The horn-cyc;ide shaped.‘

radiation pattern 24 is advantageous because when the antenna 10

‘is placed on the ocean surface, the radiation pattern 24 in the

air space above the ocean surface (shown by the area 76 above

14
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the plane defined by the “x” and “y” coordinates) has a minimal

null area. As such, the radiation pattern 24 in the ai; space

permits fuli directionalized transmission allowing the towing
submarine to communicate when is the antenna 10 is subject to
conditions of pitch, yaw, and Qarying degreeé of roll since the
antenna 10 will be righted‘to.the plane defined by the “#” and
“y” coordinates aﬁd'coincident to the ocean surfaée.

Since the emitting area of the radiation pattern 24 is

symmetrical, problems associated with asymmetrical radiation

patterns are avoided. The symmetrical radiétion pattern 24 of
the antehna‘lo allows the subma;ine or ship td operate,thé
antenna for optimal antenna pérformance.withput station keéping
or adjustihg COufge:hgadingS.‘ |

An additional feature of the present invention is that the

structiral ratio (identified by the wavelength dimensioning

aboﬁe) of the ﬁarious components of the antenna 10 allows the
radiation.pattern 24 to rémain symmeﬁrical'while maintaining the
compaétness.of thé antenna 10. The compactness of tﬂe antenna‘
10 is naturally advantagepus for man? reasons including
detection minimalization and’:educed drag. Ih defining the
compactness feature, the outer physical bounaary of the antenna
10 is baéed on the size and placement of fhe end'plétes—16,_18’
and the curved plates 20. For example; each curved plate 20 of

the antenna 10 projects at a distance (A) of A/3 from the end

15.
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plate 16 with.the diameter of the end plates 16, 18 sized to be

A/8, therefore,any,femaining structure of the antenna 10 would

be Within a circumferential boundary created by the above
dimensions. . Also, the radial fins 14 of the antenna 10 are 2

times A/5 in_length (C) therefore any remaining structure of the

~antenna 10 would be within a longitudinal boundary created by

the dimension of the radial fins 14.

While the metal‘spherev60 shown in FIG. 5 is used in the
actuation of thé switch 22 described above; other variations of
electrical contact within fhe switch 22'ﬁay be used. In a first
variant of the switch 22 shown in FIG. 7, the sphere 60 of the'
switch 22 is ;ubstituted with a metal plunger 80. The use of
thé'pluﬂger<90,may be'éreferfed ih s6ﬁé cifcﬁmsfanCéé sinéé tﬁe

shape;as well as the size of'thé plunger.SO can affect thé éngle

of gravity-actuation.

In a second variation of the switch 22 shown in FIG;18, the
pluﬁger 80 or sphere 60 is subétituted with a gfavity-actuated
magnet 90. When thé curved plate 20 is righted and the switch
22 inclines, the magﬁét 90 slides to close the normally open
contacts of the reed switch 96. This allows the reed switch 96
to be cdnductive to the structure of the switch 22 bylfhe-
conducting wireé:38 and 64.»The7m§§héfic matéiiai for the swi£ch

22 must have a substantial mass to perform a switch but the

»material also must havé a stable magnetic field. In order not

16




to affect the magnetic field or impedance properties of the

- antenna 10, the switch 22 may be lined with magnetic shielding

foil material 98.

Thus by the present invention its objects and advantageé .
are realizéd and althouéh preferred_embodimeﬁts have been
disclosed and described in detail herein, its scope should be

determined by that of the appended claims.

17
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Attorney Docket No. 83032
GRAVITY-ACTUATED SUBMARINEthTENNA

ABSTRACT OF THE DISCLOSURE

An antenna inclpding a feea tube with radial_fins and
circular plates at the.ends of the tube and'fins thereby forming
a boundary for a plurality of'résonant cévities} ACurved plates,
conhected to the tube by switches of‘a switching system,
partially encompass and subtend to'the lenéth of the tube.
Interior to the tube, a transmission line from an end plate
terminus condﬁcts radio-frequency energy from the terminus toAé
hﬁb*and onto a éwitch of the switéﬁing system ih which thefui

switch is mechanicélly_reactive to and actuated by a righting

V.aCtionfof the curved plates when the curved platgs-ehcounter“é

sea state. When actuated, energy from the switch distributes to

a proximate resonant cavity and curved plate to form a radiation’

'pattern based on the difference in phase of the resonant cavity

and curved plate.

25
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